Abstract. The influence of breeding habitat on the evolution of song structure was examined in four wood warbler species of the sub-family Parulinae. The effects of song degradation on the ability of territorial paruline males to estimate distance by means of acoustic cues was also investigated. Song transmission characteristics of paruline breeding habitats were compared in southeastern Ontario, Canada; songs native to the habitat in which they were broadcast did not degrade less than foreign songs. The response of territorial paruline males to playback of 'near' (undegraded) and 'far' (degraded) conspecific songs broadcast from the same position within the territory at the same amplitude were then compared. Males responded to near songs as they would to a conspecific territorial intruder and with less intensity to far songs, suggesting that males may use cues from song degradation to estimate distance to vocal conspecifics. Our results from transmission and playback experiments are discussed with respect to the ranging hypothesis, which proposes that selection should favour males that structure songs to minimize their degradation, so that songs function to disrupt or intimidate rivals by providing unreliable distance cues.
It is important for territorial male songbirds to gain information about the location of vocal conspecifics; a singer within the receiver's territory can pose a direct threat to territory tenure and paternity, but a singer outside the territory poses little or no threat at all (McGregor 1991) . It is also important for males, separated by a distance, to gather this information using acoustic cues, because visual signalling is often impossible in dense vegetation or under conditions of low light levels at dawn or dusk. Playback experiments have shown that territorial males of some songbird species are able to gather information about distance by means of acoustic cues (reviewed by McGregor 1994) . In these experiments, males discriminated between undegraded songs (recorded at close range) and degraded songs (recorded from afar), even though all songs were broadcast to subjects at the same amplitude, suggesting that distance was estimated using cues from sound degradation (McGregor & Krebs 1984; Naguib 1996a, b; Wiley & Goddard 1996; but see Fotheringham & Ratcliffe 1995) .
The acoustic adaptation hypothesis proposes that selection should favour male songbirds that structure their songs to minimize degradation and maximize transmission range in their native breeding habitat (Morton 1970) . Males that sing such songs may be at a selective advantage because they could attract conspecific females by song from a larger area. It has also been suggested that males with songs structured to minimize degradation benefit by disrupting and/or intimidating conspecific male receivers that judge these signallers to be closer than they actually are (Morton 1982 (Morton , 1986 . Several studies have provided evidence to support the acoustic adaptation hypothesis by: (1) matching characteristics of song structure to breeding habitat across many passerine species (Morton 1975; Wiley 1991) ; (2) relating differences in song structure to habitat across populations of a single species (Hunter & Krebs 1979; Handford 1988) ; or (3) conducting detailed transmission experiments to compare the magnitude of degradation of songs propagated through
